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Abstract

Money management is an activity in which agents are often evaluated on the basis of their relative
performance. In this article, | consider an economy in which (i) investors use a relative performance
rule to evaluate mutual fund managers and allocate money into funds, and (ii) fund managers re-
ceive an asset-based compensation. Such fund-picking rules and compensation schemes generate
relative performance objectives for fund managers. | study the consequences of this for the mutual
fund industry in terms of the number of competing funds and trading strategies. | show that, with
respect to absolute performance maximization, relative performance objectives increase the riskiness
of investment strategies and reduces the number of low-quality funds. Overall, relative performance
objectives increase investors’ expected return.
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1. Introduction

Money management falls into the category of activities in which agents are evaluated
according to their relative performances. As observetddlionishok et al. (1992)

“The objective difficulty in evaluating money managers performance and separating
‘luck’ from ‘skill’ create agency problems between institutional money managers and
fund sponsors. Typically, money managers are evaluated against each other.”

As a matter of fact, there is now extensive empirical evidence suggesting that investors
allocate money into funds according to their relative past performancép(selo, 1992
Sirri and Tuffano, 1998Gruber, 1996Chevalier and Ellison, 199%ndLettau, 1997. Fur-
thermore, open-end mutual fund managers often have asset-based compensation schemes
(seeKhorana, 199@ndDeli, 2002.% A direct consequence of the combination of fund
managers’ compensation schemes and investors’ fund picking rule is that managers have
relative performance objectives.

It is apparent that anticipation of being rewarded based on relative performance can af-
fect both the entry decision and the investment decision of a fund conditional upon entry.
For example, since relative performance provides greater rewards on average to managers
with greater skills, the entry decision may depend on how one believes one’s skills stack up
against one’s peers. Similarly, relative performance can affect a manager’s investment deci-
sion via a propensity to alter the risk profile to win the “relative performance tournament.”
This raises the question | address in this paper: How are the entry and investment decisions
of fund managers affected by relative performance objectives? In addressing this question,
| consider an economy with risky assets traded in single-auction markets (as described in
Kyle, 1985, and two types of funds managers, those with a low level of information and
those with a high level of information.

Measuring the relative performance of a fund as the difference between its own profit
and the average profit realized by its competitors, | show that relative performance ob-
jectives influence fund managers’ behavior in two ways with respect to absolute profit
maximization. First, the riskiness of investment strategies increases, i.e., for a given level
of information, fund managers choose strategies that are riskier (in terms of variance
of profits) relative to those aiming at maximizing absolute profits. Second, incentives
to enter the industry are reduced for low-quality funds. The aggregate effect in an in-
crease of funds’ average performance. This suggests that investors are justified in using
a relative-performance-based fund-picking strategy. Such a strategy increases the ratio of
high-quality funds to low-quality funds, thereby increasing the probability that investors
will put their money in high-quality funds.

As was shown in several papers, relative performance maximization in oligopolistic
markets provides incentives to trade (or produce) larger quantities than those aiming at

1 Khorana (1996, p. 406)ientions that “The investment advisor's compensation is directly linked to the fund's
size; the advisor receives a management fee based on a percentage of average net assets held during the year.”
In a sample of 5198 fundfeli (2002)finds that 4833 funds had advisory contracts based solely on a percent of
assets.
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maximizing absolute performance (seershtman and Judd, 1983alas-Fumas, 1992
Vega-Redondo, 199@ndAggarwal and Samwick, 199 the case of standard Cournot
markets). In financial markets, this means that agents use their information more inten-
sively than absolute profit maximization suggests. A direct consequence is that more
information is revealed by price. This implies that the variance of profit per unit traded
decreases. My results show that the increase in the variance of profit due to the more in-
tensive use of private information (i.e., trading of larger quantities) always dominates the
decrease of the variance of profit due to higher informational efficiency. Hence, relative
performance objectives generate investment strategies riskier than those aiming at maxi-
mizing absolute performance.

The intuition for the result about reduced entry is the following. If managers maxi-
mize their relative performance, their incentives to acquire information are affected in two
ways. First, there is a “trading intensity” effect which reduces incentives to acquire in-
formation: managers know that if they buy information, they will trade very intensively,
thereby realizing low profits. This effect illustrates the standard IO result that increased
competition reduces profits, and thus ex ante incentives to invest in market participation.
Second, there is a “difference-in-payoff” effect. It captures the fact that the lowest-quality
funds always perform below average. As a consequence, the stronger the relative perfor-
mance component in investors’ strategy, the higher the cost (in terms of loss of inflows)
paid by low-quality managers. As a consequence, their incentives to enter the industry
decrease.

The organization of this paper is as follows. Sectidiscusses the related literature.
Section3 presents the model. Sectidrderives the equilibrium and studies properties of
investment strategies. Sectidnendogenizes the number of competing funds. Sedion
discusses the robustness of the results and Settioncludes.

2. Related literature

A growing body of literature studies the mutual fund tournament both theoretically and
empirically. On the empirical sid&rown et al. (1996 ndChevalier and Ellison (1997)
provide evidence that the mutual fund tournament generates incentives for managers not
to act in the interest of investors. Assuming that managers are evaluated on a yearly basis,
Brown et al. provide evidence that mid-year “losers” increase fund volatility in the latter
part of the year to a greater extent than mid-year “winners.” Chevalier and Ellison study
how relative performance after three quarters of the year influence investment strategy in
the last quarter. Considering two-year-old funds, they show that funds that are somewhat
behind the market increase risk to a greater extent than funds that are ahead of the market.

Lynch Koski and Pontiff (1998provide further evidence that change in risk is nega-
tively correlated with prior performance within one calendar y&ariaev et al. (2000)
show that fund managers respond to ranking-based objectives, i.e., risk taking incentives
increase with the distance to the top interim performer. Using a continuous-time approach,
Chen and Pennacchi (1998h)ow that fund managers respond continuously to their relative
performance. My results about trading strategies are consistent with these empirical results
about fund managers’ behavior.
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Closely related theoretical papers studying relative performance evaluation in financial
markets are those dflaug and Naik (1995)Gumbel (2004)Huddart (1999)xand Taylor
(2003) However, none of these models studies the impact of relative performance objec-
tives on the degree of competition (i.e., the number of competing funds). Maug and Naik
consider a situation in which a risk-averse manager is evaluated with respect to another
trader. It is shown that relative performance objectives generate incentives to herd.

Gumbel (2004 considers a model of delegated portfolio management with two risk-
neutral investors (principals) each of them employing one manager (agent). Principals
decideboth wage contracts and what asset their respective portfolio managers should trade.
It is shown that principals propose relative performance contracts and herd on the same as-
set.

Huddart (1999)studies a two-period model with one informed and one uninformed
fund. At the end of the first period, risk-averse investors (willing to invest in the informed
fund) reallocate their wealth between two funds after having observed the portfolio and
the performance of each fund. It is shown that asset-based compensation schemes generate
incentives for managers to invest in overly-risky portfolios.

Finally, Taylor (2003)studies a two-period tournament between two fund managers
with unequal mid-year performances competing to be the top performer at the end of
the year. Taylor shows that the interim winner may gamble in the second part of the
year as a best reply to the interim loser’s “gambling-for-resurrection” strategy. The main
difference between Taylor's model and mine is that he assumes that neither of the two
competing managers possesses superior information or the possibility to acquire such in-
formation. Differences in incentives are just generated by exogenously-specified interim
performances.

Grinblatt and Titman (1989apdmati and Pfleiderer (199&ndChen and Pennacchi
(1999)study the consequences of a benchmark-adjusted compensation schemes. The gen-
eral conclusion is that benchmark-adjusted compensation contracts are not in the interest
of fund investors. The main difference between these models and mine comes from the
choice of the benchmark. They assume that a fund manager faces no competition and thus
is evaluated with respect to atogenous benchmark portfolio. To motivate this choice,
Admati and Pfleiderer give the following example. “Suppose a portfolio manager investing
in Japanese stocks realizes a return of 27%. How well has she performed? A good answer
to this question cannot be given without knowing how well Japanese stocks performed in
the aggregate.” The question posed here is different: in an economy with several competing
fund managers, if one of them has outperformed a prespecified benchmark portfolio by 2%,
how well has she performed? The answer is that this probably depends on the performance
of her competitors. Therefore, | study the influence ofatiogenous benchmark (which
represents the performance of all competing funds) on the portfolio decision of each fund
manager.

Finally, the literature on the evaluation of agents in groups (see, for exabgdear
and Rosen, 1981Holmstrom, 1982 Green and Stockey, 198ihd Mookherjee, 198y
derives conditions on agents’ realized output under which compensation based relative
performance is preferable to compensation based on individual performance. Roughly,
relative-performance-based compensation should be used if each agents’ output depends
on effort, idiosyncratic noise, a common shock experienced by all agents and a common
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risk which is large relative to the idiosyncratic risk. In this paper, | do not question whether
allocating capital into funds according to past relative performances is optimal behavior
on the part of fund investors. Rather, | study some ofdbresequences of such behavior.
Furthermore, in my model, portfolio decisions are costless, i.e., they do not require any
effort from fund managers.

3. Themode€

There areN funds that initially have the same amount of asset under managé¥iaent
Funds are split into two categories: low-quality funds and high-quality funds.

There are two periods: 1 and 2. In period 1, the economy contains three assets: a risk-
free bond available in infinitely elastic supply with return normalized to one, and two
risky assetsi(= 1, 2). Risky assets are traded in single-auction markets similar to those
described bKyle (1985) After trade occurs, the liquidation valdg of asset is realized.

There are %; > 0 low-quality funds anav,, > 0 high-quality funds. Low-quality funds
are splitinto two groupsy; fund managers are informed about asset 1/gnare informed
about asset 2. We denof® ; (i = 1, 2) the group of low-quality managers with informa-
tion about asset. In each group, funds are identical. At the beginning of period 1, fund
managers of group; ; observe a signa} = v; + ¢;.

All high-quality funds are identical. They have private information almtl assets 1
and 2. At the beginning of period 1, high-quality fund managers observe both signals
andso.

There are three types of market participants: funds, noise traders and market makers. In
each market, noise traders together submit an exogenous random qgiariittg market
maker observes the aggregate demand, clears the market and setg peffesently (in
the semi-strong form) conditional on market aggregate demands. It is assumégd &at
andz; are independently normally distributed with mean zero and variagce —%, and
o2, respectively.

Given these assumptions about the distribution of uncertainty, all low-quality managers
have information of the same precision. The only difference between low-quality managers
and high-quality managers is that managers of the latter type have information about two
assets while managers of the earlier type have information about only one asset. Moreover,
the degrees of competitiveness of markets 1 and 2 are the same since they have the same
number of agents with information of the same precision.

Fund inflows. Let N = N;, + 2N; and denoter, the profit realized by fund (n =
1,...,N)in period 1. At the end of period 1, investors observe the profit realized by each
fund n in period 1 (i.e.r,). At the beginning of period 2, investors allocate money into
fund n according to its relative performance in period 1. The amokpt, allocated to
fundn is given by:

N
ank(n,,—ﬁjz;nj) 1)

with k > 0 anda € [0, 1].
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The coefficienta measures the intensity with which investors use a relative perfor-
mance rule to allocate money into funds.alt= 0, investors allocate money into funds
independently of the performance of their direct competitors. # 0, then the effect of
the performance of competitors on the amount invested in fuisdncreasing in.

It should be remarked that, is included in the benchmark against which manager
is evaluated. The analysis is not qualitatively modified if, instead, it is assumed that the
benchmark against which a fund is evaluated is the average performance realized by its
(N — 1) competitors. To see this, rewrite @) as

, N
ank’<rrn—%AZ m) (2)

with

and d = 3)

Given thata’ is increasing inaz, the analyses with Eq¢l) and (2)are qualitatively
equivalent. More precisely, all comparative static results with respect to the relative perfor-
mance coefficient (i.e., sign of the derivatives) obtained under specifiqg@fj@iso hold
under specificatioiR).

Managers' compensation. Managers are compensated in period 2 after allocation of
money into funds by investors. Managers receive a compensation proportional to the size
of assets under management at that moment:

Cp=cWy,

where W, ,, represents the size of assets under management at the beginning of period 2
for managen.
Given investors’ allocation rule, we can rewrifg as

Cy =c[Wo+m, + K, 1. (4)

The first two terms o + 7,,) represent the size of assets under management at the end
of period 1.
Putting(1) into (4), we obtain

N
Cn:c:Wo—i-(l—i—k)(nn—%an)} (5)

j=1
where
ak
= . 6
YT 1k ©

Sincew is proportional toa, « also measures the intensity with which investors use a
relative performance rule to allocate money into funds.
The model captures the following ideas in a simple framework:
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(i) In each category of fundsthere are good and bad fund managers and this difference
in quality is persistent over tinde
(i) For a given category, investors would like to invest in funds managed by good man-
agers and use relative performance as a rule of thumb to evaluate managers and
allocate capital into funds
(i) Fund managers are risk-neutral agents who are compensated on the basis of the size
of the fund they managg.

Under such circumstances, each manager’s objective is to maximize the size of her fund.
Given the way investors allocate money into funds and managers’ compensation schemes,
the objective function of the manager in period 1 has a relative performance component.

Before proceeding, several remarks should be made. First, it is assumed that portfo-
lios are unobservable. | believe the assumption is realistic since portfolio disclosure is not
frequent and managers window-dress their portfolio around disclosure dates in practice.

Second, it is assumed that funds have market power. This assumption follows from
evidence that trades by some institutional investors influence ptigesice, | think that
our model is better suited than one of perfect competition to explain the behavior of funds
specialized in small-cap stocks.

Also, the number of funds competing in a given category is not always very large.
Gould (1998)illustrates this when writing about one specific fund: “Bartlett Europe has
returned an annual average of 2 percent for the three years through Dec. 4, ranking first
among the 46 European stock funds tracked by Morningstar Inc., the financial publisher.
The average return of the category was71Bercent, Morningstar said.” Given that the
Morningstar ranking is highly regarded by investors, it is likely to be the case that each of
these 46 funds mainly competes against the 45 others.

4. Equilibrium

Given the assumptions about the distribution of the uncertainty in the economy, man-
agers’ investment strategies in each market can be studied separately. Bgnote
amount invested by managefn =1, ..., N) in marketi (i =1, 2). Letx, = (x.1, X1.2),

X _tn)i = (XLis ey Xn—Lis XntLis -+ > XN,i), and X_(ny= (X1, ..., Xp—1, Xnt1, .-, XN).

2 By category of funds, | mean funds with the same investment objective. The Investment Company Institute
classifies US Mutual Funds in 33 investment categories({seestment Company Institute, 2003)

3 SeeGrinblatt and Titman (1992), Hendricks et al. (1993), Brown and Goetzman (:®@&)arhart (1997)
Furthermore, evidence of persistent underperformance seems to be stronger than that of over-performance.

4 Seelppolito (1992) Sirri and Tuffano (1998)Chevalier and Ellison (199'@ndLettau (1997 ¥or empirical
evidence of such a behavior.

5 SeeDeli (2002)for evidence of such compensation schemes.

6 In the United States, mutual fund portfolios have to be disclosed semiannually. However, other countries
such as the Netherlands require disclosure only once a year.

7 seelakonishok et al. (1992Musto (1999)andCarhart et al. (2002)

8 SeeGrinblatt and Titman (1989kndLakonishok et al. (19923nd the Vanguard Group admitting that their
small-cap index funds affect small-cap stock prices #fgatt, 1998.
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Denotern (x,,;, X—n}.i), the profit realized in marketby manager as a function of the
quantity he tradesyf, ;) and the vector of quantities traded by his competitd?s{g},,-).g
The compensation of manageias a function of his investment strategy is then given

by
2 a N
Con(xn, X—n}) = C{ Wo+ (1+k) Z(Tr(xn,i, X_(n).i) — N Zﬂ(xj,i, X—{j},i)> }
i=1 J:]_
(7
Let I, denote the information of manager (Hence, if manager belongs toG ;

(i =1, 2) thenl, = {s;} while if managem is of high quality then,, = {s1, s2}.) Given the
market game | consider, an equilibrium is defined as follows.

Definition. An equilibrium is a pair of price vectorg* = (p7, p5) and vectorsX™* =
(x7(I1),...,x5(In)) suchthatforali =1, 2,

N
ﬁ;‘:E(ﬁi Zi:’i‘f‘Zi) (8)
n=1

andforalln=1,..., N,

x; € Argmax, E[Cy(x, X* 1) | I]. 9)

Condition (8) states that prices are efficient (in the semi-strong form) in equilibrium
while condition(9) states that managers maximizes their expected compensation.

Proposition 1. There exists a unique symmetric linear equilibrium. It has the following
properties. Let M = Nj, + N; and
_ o/ (N —a)t
- J/M(N —aM)(02r + 1)
02 M(N —aM)(N —a)t
0;[2(N — ) + (M — 1)(N — 2a)],/ (021 + 1)

B* (@)

A (a) =

(i) Low-quality managers from G; 1 and G, » trade vectors of quantities (8*(«)51, 0)
and (0, B*(a)52), respectively.
(i) High-quality managers trade vectors of quantities (8* («)51, 8*(@)$2).
(i) p; =r"(«)(MB*(2)Si + ).

Proof. SeeAppendix A O

9 The period-1 realized profit, (see paragraphund inflowsin the previous section), is then

7 =7 (%1, X—{n),1) + 7 (Xn,2, X—(n},2)-
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The proposition derives the equilibrium prices and investment strategies as functions
of the relative performance componeant Also, low-quality managers from grou@;;
only trade asseatwhile high-quality managers trade both assets. Hemtegpresents the
number of agents effectively trading in each market.

Since | am interested in the influence of the relative performance objectives on invest-
ment strategies, | want to study the impactwadn trading strategies. The following results
are derived.

Proposition 2. (i) Trading aggressivenessisincreasingin «, i.e., 38*(a)/da > 0.
(i) The ex ante variance of profit isincreasing in «, i.e., d Var(z,") /oo > 0.

Proof. SeeAppendix A O

Part (i) of the proposition states that relative performance objectives generate incentives
for managers to overinvest, i.e., to trade larger quantities than those aiming at maximizing
absolute profits. This result is similar to those obtained=byshtman and Judd (1987)
Salas-Fumas (1992Yega-Redondo (199 4ndAggarwal and Samwick (1999) the case
of standard Cournot markets: as long as the price is larger than the marginal cost, a firm
must sell a larger quantity than its competitors in order to outperform them. Hence, at the
Cournot—Nash equilibrium quantity, firms have incentives to deviate and produce a larger
guantity.

In financial markets, the intuition is the same. The presence of noise traders implies
that the marginal profit is always positive, i.€E(v; | s;) — pi| > 0. Now, without loss
of generality, assume that > 0. In such a case, all managers trade positive quantities.
Assume that they all trade the same quantity 0. If a manager with relative performance
objectives (i.e. > 0) deviates fromx and trades a quantity’ > x, her compensation is
affected in two ways. First, she decreases her compensation via a decrease in her absolute
profit, and second, increases her compensation by outperforming her competitors given
that all managers trade at the same price. These two effects imply that 8, then in
equilibrium the marginal absolute profit is negative.

Note that we always hawe < 1 given thate = ak/(1 + k) anda < 1. In the case in
which we havex = 1, then an equilibrium fails to exist i¥;, = N. The reason is that in
this case

1N
K,,—i—n,,:n,,—Nan.
J

Given that the marginal profit £ (v; | s;) — p;|) is always positive, expected profits are
always positive. Therefore, a necessary condition for a manager’s compensation to be
maximized is that this manager trades a quantity larger than the average trading quan-
tity. Hence, all managers want to be above average in terms of trading intensity. It follows
that an equilibrium fails to exist.

In the general casex(c (0, 1)), the equilibrium trading aggressiveness influences the
riskiness of the strategy (i.e., the ex-ante variance of profits) in two ways. First, the variance
is increased through trading of larger quantities. Second, the variance is decreased through
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a higher level of informational efficiency (i.e., the more aggressive the trading strategy, the
greater the amount of information is revealed by price &de, 1985.

Part (ii) of the proposition states that the first effect always dominates the second and
relative performance objectives increase the riskiness of investment strategies—increases
the ex-ante variance of profits—with respect to absolute performance objectives. The rea-
son is the following. The profit realized in markiettan be written ag (v; + ¢;)[v; —

AMM; B(v; + ¢;) + z;)]. Therefore, the profit variance can be decomposed into three com-
ponents: the fundamental risk (related to the fundamental value of the asset),.the
noisy-signal component (i.e., relatedety and the noise-trading component (related;do

As « increases, fund managers increase their trading interfgityn(response), increases.

Hence, the produga increases, which in turn increases the noisy-signal and noise-trading
components of the variance. Finally, as shown in the proBfroposition 28(1— MAB) is

also an increasing function ef. This means that the reduction of fundamental risk due to

an increase of information revelation is dominated by the increase of fundamental risk due
to increased trading aggressiveness. The reason is that the market maker cannot disentan-
gle increased demand coming from fund managers from noise trading. As a consequence,
the reduction of fundamental risk due to information revelation is small relative to the in-
creased trading aggressiveness, so the fundamental risk component of the variance also
increases. Hence, the three components of the variance increasecasases.

These results should be compared to thosBrofvn et al. (1996and Chevalier and
Ellison (1997) Both papers assume that managers make several investment decisions dur-
ing the evaluation period and act as price takers. They provide evidence that information
about intermediate performance generates incentives to increase the riskiness of investment
strategy. However, in their framework, if managers were evaluated after each investment
decision, then these incentives would disappesposition Zestablishes that if managers
have market power, then relative performance objectives increase the riskiness of invest-
ment strategies even if managers are evaluated after each investment decision.

5. Endogenous number of competing funds

In this section, | investigate how relative performance objectives influence the size of
the mutual fund industry, i.e., the number of competing funds. To do this, | modify slightly
the model of the previous section as follows. | assume that ther&ate1 high-quality
managers and an infinite number of low-quality managers. Low-quality managers are split
into two groups G;1 andG;2). All managers have a reservation compensaitort the
beginning of period 1, low-quality managers from GroGp (i = 1, 2) can acquire in-
formation about assét(i.e., observes;) at an effort costQ. High-quality managers can
acquire information aboudoth assets 1 and 2 at the effort c@3t If a manager decides to
enter the industry and open a fund, she receives an amount to méfgam investors.

It will be assumed thaWg is small so that Wy < R.
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5.1. Equilibrium

Using the result oProposition 1 one deduces that only funds informed about asset
(i =1, 2) trade asset Therefore, the inequalityWp < R implies that only funds that have
exerted effort enter the industry and trade. Uninformed managers have an expected com-
pensation smaller than their reservation compensation, and are therefore better off staying
out.

Assume thatV,, < N, high-quality managers and; low-quality managers acquire
information about asseét Then, the number of funds trading ass&t M; = N, + N;; and
the total number of competing funds = N;, + Nj1 + Nj2 = M1 + Nij2 = M + Nj1.
FromProposition 1one deduces that the expected profit from trading a quastitys; in
market; if there areM; funds trading assetis

B 0,02/ (N —aM;)(N — a)t
2N — ) + (M; — D)(N = 2)]y/M; (02t + 1)
Hence, ifN;; (i =1, 2) low-quality funds fromG;; enter the industry, then the expected

compensation (net of effort cost) of a high-quality manager acquiring information if there
are Ny informed high-quality managers is

T1(M;, &) (10)

Fy(Np, Ni1, Npp, o)

a(Ny + Nii)
=c(l+k 1- ——=——" \[I(N, + Ny, Wo — O.
c(1+ )‘le{( Nh+N11+sz> (Ni + Ny oe)}+c -0

The expected compensation of a low-quality manager fegpwho acquires information
about asseitif there areN;; low-quality managers informed about asseV,; low-quality
managers informed about asge(j = 1, 2, j # i), and N, informed high-quality man-
agers, is

a(Np + Nij)

Fi(Ny, Njj, Njj,a) =4+c(1+k 1—-—
1(Np, Nii, Nij, o) ( ){( Ny + Nt Nig

)H(Nh + Nii, o)
__a(Np+ Nij)
N+ N+ Np2

The equilibrium numbers of competing funds;’, N}, N}5) satisfy the following con-
ditions:

T1(Ny, +N1j,(x)} +cWo— Q.

Fi(NS, N, Nj, o) > R > Fy (N} + 1, Njj, Nj5, ), (11)
Fl(N,T,Nl’;,N[;,a)>R>Fl(N;;,N[‘;-+l, N[;-,a), (12)
withi =1,2 andi # ;.
If only high-quality managers enter the industry, then their expected compensation is
Fi(Np,0,0,0) =c[Wo+ 21+ k)(L— a) [T (Np, )] — Q.

Simple derivative calculation shows th&t (N, 0, 0, «) is a decreasing function of.
Furthermore, for anyw, > 1, Limy,_.1 F;, (N4, 0,0, ) = cWp — Q. As a consequence, if
«a is large, i.e., close to 1£, (N, 0,0, @) < R and only one high-quality fund enters the
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industry% Applying the same reasoning for low-quality funds, | obtain thati large and
N, =1, thenN;1 = N2 =0 sinceF;(1,1,0, @) < F,(2,0,0, @) < R. As a consequence,
the mutual fund industry is restricted to one single fund.

To avoid this single-fund-industry case, it is assumed MatQ, andR are such that
there existg > 0 such thatF), (N, 0, 0, &) = R. Furthermore, to keep the model tractable,
| assume that, andN;; (i =1, 2) are real numbers.

Lemma 3. Assume N, N; (i = 1,2) arereal numbers, and (N, Nj;, Nj5) isan equilib-
rium. If N < Ny, then Njs =0 (i =1, 2) and if N} = Nj,, then Nj: >0 (i = 1, 2).

Proof. SeeAppendix A O

Lemma 3implies that a necessary condition to have low-quality and high-quality funds
both entering the industry is that< &, so thatF;, (N, 0,0, «) > R. In such a casey; =
Nj, andNj; > 0 (i =1, 2) in equilibrium. In what follows, | concentrate on such equilibria
that | calltwo-type equilibria.

Lemma 4. Assumethat N;; (i =1, 2) isareal number. For any N;1 and Nj2,

oF; — oF; —
—— (Np, N1, Np2, 0 and ——(Ny, Ni1, Nj2, 0.
8N11( h, Ni1, Nip, o) < 8le( h, Ni1, Ni2, o) >

Proof. SeeAppendix A O

Lemma 4implies that any two-type equilibrium is such thét, = Nj5,. DenoteN}; ()
the equilibrium number of low-quality funds from Groug; entering the industry as a
function of . The following results are derived.

Proposition 5. Assumethat Nj; (i = 1, 2) isareal number. For any set of parameters such
that F, (N, 0,0, ) > R,

(i) Thereexistsa > 0 such that for any o < &, there existsa uniquetwo-type equilibrium.
(ii) 1f Nj(0) > 0, thenfor any o’ and " such that 0 < o’ < @” < &, N5 (0) > Nji(a) >
N ().

Proof. SeeAppendix A O

Part (i) of the proposition establishes that there exists a threshsl® below which
there is a unique two-type equilibrium. This implies that on the intgfyat], comparative
static can be performed. The first result (part (ii) of the proposition) is that relative perfor-
mance objectives reduce the number of low-quality funds in the industry. Furthermore, if
N} (') > 0, then the strict inequality;f (a’) > N;i(«”) holds.

10 Given that the entering fund realizes the monopoly profit, entering is profitable for this fund.
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The reason for the reduced entry of low-quality funds is the following. Assume that
investors allocate money into funds according to their absolute performance. Then, the ex-
pected compensation (net of effort cost) of a low-quality managelis- k)71 (M, 0) +
cWo — Q. If, in such a case, there afé funds trading in a given market, theril +
k)IT(M,0) + cWo — Q = R. Relative performance objectives modify incentives to exert
effort and enter the industry in two ways. First, there tsagling intensity effect as estab-
lished byProposition 2 () > 8(0) which implies thatiT (M, «) < IT(M, 0). This effect
reduces incentives to enter the industry.

The second effect | catlifference-in-payoff effect. It captures how relative performance
objectives modify the expected compensation, independently of the trading intensity. To
isolate this effect, consider a situation in which managers take into account their relative
performance objective when buying information but behave as absolute profit maximizers
when trading (i.e., when choosiry). If | denoteT(M, ), the expected profit in this situ-
ation as a function oM ande, then for alla € (0, 1), [T(M, a) = [T(M, 0) = IT(M, 0).

Given that there are two categories of funds in the industry, low-quality funds always
perform below average. As a consequence, the stronger the relative performance compo-
nentin investors’ strategy (i.e., the larger, the stronger the cost (the loss of compensation
due to an outflow) incurred by low-quality managers. As a consequence, their incentives
to enter the industry decrease. Hence, the laggéne smaller the number of low-quality
funds entering the industry.

The difference-in-payoff effect also shows that the reduction in the number of compet-
ing funds is not (only) due to the traditional 10 result that increased competition reduces
profit and therefore the incentive to invest in market presence. Even if trading strategies
were not affected by the relative performance component, relative performance evaluation
would decrease the number of competing funds compared to the number with absolute
performance evaluation.

5.2. Industry performance

Now | turn to the impact of relative performance evaluation on the expected return
investors obtain from investing in funds. Given that there are several categories of funds,
I measure the overall performance of the industry by the average expected profit of the
N competing fundsil (). Let N () = Nji () (i = 1, 2).

_  2Nj+2N} (@)

(o) = — I1(Nj, + N;f )
@) Ni, + 2N (o) (Ni + N (@), )

Proposition 6. Assume that N; isareal number. For any o’ and «” such that o’ < & < a@,
) < ).
Proof. SeeAppendix A O
Proposition 6establishes that the stronger the relative performance component in in-

vestors’ fund-picking strategy, the higher the expected performance of the industry. The
reason is that whea increases, three effects are at work. First, the trading intensity and
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difference-in-payoff effects described above and, second, the ratio of high-quality funds
relative to low-quality fund increases. The trading intensity effect decreases absolute prof-
its, hence the average profit. The difference-in-payoff effect increases absolute profits
through a decrease of the number of market participants, and thus increases the average
profit. Finally, the increase of the ratio of high-quality to low-quality funds increases the
average payoff. The proposition states that the two positive effects dominate the negative
one.

This result suggests that investors are justified in using a relative performance com-
ponent when choosing among funds. Relative-performance-based fund-picking strategies
reduce low-quality managers’ incentive to enter the industry (since they will perform below
average). Hence, investors’ probability of investing in a high-quality funds increases, and
so does their expected return, even though relative performance also increases the trading
aggressiveness of the competing funds.

It is worth mentioning that the same result holds if only high-quality funds enter the
industry! AssumingN, continuous,N; will be such thatF (N}, 0,0, ) = R. This is
equivalent to

B 2 O+R
A+ -a) o«
Hence, funds’ expected profit is an increasing function .of

H(N;f,oz)

5.3. Informational efficiency

Propositions 2 and Show that relative performance objectives influence both the num-
ber of competing funds and the utilization of the information they acquire. This influences
the level of informational efficiency in two ways. First, managers trade more aggressively,
thereby increasing informational efficiency. Second, the lasgehe smaller the equilib-
rium number of competing funds, which decreases informational efficiency. The following
proposition states that, at least wheis small, the first effect always dominates the second
one.

Proposition 7. Assumethat N;* isa real number. Then thereexists & < & such that Var(; |
pi) (i =1,2) isadtrictly decreasing function of « on [0, &].

Proof. SeeAppendix A O
5.4. Comment

The previous analysis assumes thgt and N; are real numbers. However, they are
integer numbers. This means that in the case of two-type equilibria, for givemd
o” (o # o”) and a small variation @, we can have eitheN; (o’ + da) = N* ()

or Nf(a” + da) = Nj(«”) — 1. In the caseN/ (o’ + da) = N*(a’), a marginal in-
crease ik has an impact only on trading aggressiveness, which goes up. It implies that

11 Remember, this happensif < N, a sufficient condition being (N, 0,0, @) < R.
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IT(o' +da) < IT(e’) and the level of informational efficiency increases. By contrast, in the
caseN;*(¢” 4+ da) = N;* (") — 1, a marginal increase im has two effects. First, it has a
marginal positive impact on trading aggressiveness. Second, it has a large negative effect on
the number of low-quality funds entering the industry (i’ (a” + do) = N;* (") — 1),
and thus a large positive impact of the average profit. The increase in the average profit is
due to the facts that all profits increase through a decreased number of competing funds and
the ratio of high-quality to low-quality funds also increases. There is also a strong negative
impact on the level of informational efficiency since the number of agents participating in
the markets is reduced.

With integer numbers theropositions 6 and ghould be interpreted as follows. For
any o’ anda” (a” > o) such that the solutions/; of F(Np, N/, N/,a') =R and N”
of F(Nu, N/, N/, ") = R are integer numbers] (o') < I1(«), and the level of infor-
mational efficiency is higher at” than ata’. That is, for variations o large enough
to generate a variation of the number of funds entering the industry, the average industry
performance (i.e., the average profit) and the level of informational efficiency increase.

6. Robustness of theresults

One may wonder how my results are influenced by some of the assumptions of the
model, above all those about risk-neutrality, the structure of the private information and
the linearity of the relative performance objectives.

6.1. Linear relative performance objective

An assumption of my model is that investors use a linear relative performance rule to
pick funds; this rule generating linear relative performance objectives for fund managers.
The rule investors use is exogenous and is chosen for tractability. A natural alternative
fund-picking rule is one based on rankings. | will show, however, that if funds charge
load fees, a rule identifying the best performer as the best-informed manager generates an
objective function for fund managers relatively “close” to the linear relative performance
objective function.

To see this, note that if funds charge load fees, then investors differentiate between
money already invested in some funds and money to be invested for the firs€timey
model, given managers’ strategy, the allocation rule investors should use is such that the
money to be invested for the first time goes to the best-performing fund, and the money
already invested either stays in the same fund or moves to the best-performing one, depend-
ing on the difference in expected profits generated by a low-performance manager and the
expected profit net of load fees generated by the best-performing manager.

Given such a money allocation rule, what is the objective of a fund manager? If investors
do not know the precision of managers’ information, they do not know their expected profit.

12 As empirical evidence shows, fund picking strategies are different for these two types of money. See, for
exampleGruber (1996)



366 F. Palomino / Journal of Financial Intermediation 14 (2005) 351-375

As a consequence, the worse the performance realized by a fund, the smaller the expected
profit inferred by investors. It follows that for a manager, the lower his performance, the
higher the probability that money invested in his fund will move to another fund. There-
fore, the objective of a manager should have three components. First, the maximization of
the probability of being ranked first, in order to maximize the probability of winning the
money to be invested for the first time. Second, conditional on being ranked first, the maxi-
mization of the (positive) difference between his performance and the average performance
realized by his opponents in order to maximize the probability of receiving money already
invested in another fund. Third, conditional on not being ranked first, the minimization of
the (negative) difference between his performance and the best performance, in order to
minimize the probability of losing money already invested in his fund. These three com-
ponents produce an objective function for manager such that the smaller the amount of
money to be invested for the first time relative to the amount of money already invested,
the “closer” the objective function of managers to the linear relative performance. There-
fore, in the extreme case in which managers compete only for money already invested,
their objective is close to the linear relative performance.

Hence, when the fund-picking rule used by investors is based on rankings, the behavior
of manager should be “close” to that described in our model.

6.2. Risk-averse fund managers

My model assumes that fund managers are risk-neutral agents aiming at maximizing
their expected compensation. One may wonder how risk neutrality influences their trading
aggressiveness and their willingness to acquire information. This case is partially studied in
Appendix Awhere it is shown that if managers have negative exponential utility functions,
then results about trading aggressiveness still hold.

6.3. Structure of the private information

| have assumed that the difference between managers is that some of them are informed
about the two assets while the others are informed about only one asset.

An alternative framework is with only one risky asset and the two types of managers
having private signals of different precision. Under such an assumption, there exist sets of
parameters such that the results about the riskiness of investment strategies and information
acquisition hold. However, | cannot assert that this is true for any set of parameters.

7. Conclusion

Even in absence of relative-performance-based compensation schemes, the competition
for funds between money managers may generate relative performance objectives.

In this article, | have analyzed fund managers’ behavior when their objective function
has a relative performance component. | have shown that relative performance objectives
influence fund managers’ behavior in two ways. First, relative performance objectives
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increase trading aggressiveness, i.e., managers use their private information more inten-
sively than they would do if maximizing their absolute performance. Second, relative
performance objectives reduce low-quality managers’ incentives to enter the industry. The
aggregate effect is an increase of the average performance in the industry.

These results suggest that investors may be justified in using a relative-performance
based fund-picking strategy. Such a strategy increases the ratio of high-quality funds to
low-quality funds, thereby increasing the probability that investors put their money in high-
quality funds.
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Appendix A

Proof of Proposition 1. First, note that given the assumptions about the distribution of
uncertainty in the model, the relative performance of a manager is the sum of the perfor-
mances realized in the two markets and the relative profit realized in a particular market is
independent of the strategies played in the other markets. Second, it is straightforward that
managers who do not have information about aséet 1, 2) do not trade this asset since
they expect a loss from trade (they have less information than market makers who observe
the aggregate order flow). Third, if thé managers informed about assetlay a strategy

x; (s;) = Bs;, then the market maker set a linear prige= A(MpBs; + z;) where

_ M,Bovzr
T M282(02t + 1) + o2t

A (A1)

Now, assume that the market maker sets a linear priee = A; y; wherey; represents the
aggregate order flow in marketand M — 1 informed managers informed about asset
play the same linear strate@y;. Then, the expected compensation generated by trading
in market; of the last manager informed about asséthe trades a quantity is

E(Ci(x)|sn)
N —« (M — Da
N TN

=A+k)(EQi|si)—A[(M—DBs; +x])< ﬁs,»>. (A.2)
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The first-order condition of expected-compensation maximization yields
(N —a)E(v; | s5i) — (M —1)(N — 20)ABs;
X = .

A3
2(N —a)A (A-3)

It follows that the manager plays a linear strategy 8’s;, where
g (N —a)o2t — (N — 2a)(M — 1)(o27 + 1)A,B. (A4)

2(N —a)(o2t + 1A
In a symmetric equilibriumg = g’. Therefore, managers informed about assgiay a
linear strategy (s;) = Bs;, where

_ (N — Ol)UUZ‘L'

© AN —a@) + (N = 20)(M — D](021 + 1)

An equilibrium is a solution of the system of Eq#\.1) and (A.5) This system has a
unique solution

B (A.5)

5*(a) = o/ (N —a)t
VM(N —aM)(027 + 1)
V(@) = 02/M(N —aM)(N —a)t

0 [2(N —a) + (M — D)(N — 20)]/ (021 + 1)

Proof of Proposition 2.

dyaar  N(M -1
= > U,
dor (N —aM)?
It follows thatog* («)/da > 0.

Var(m}) = p*4(1— MA**)?(Var(v?) + o2t~ 1) + M2A*2g*4 (Var(e?) + ofr )
+ )»*2,3*2(07)2 + rfl)azz.

FromProposition 11 deduce that

(N — a)avzr

BN = :
(627 + D[2(N — ) + (M — 1)(N — 20)]

It follows that 8*21*2 and A*28** are increasing functions ef. Therefore, a sufficient
condition for Va(r;*) to be increasing i is d8*(1 — MA*B*)/da > 0.
dp*(1— MA*g*)
do
B o, N(M — 1)H
T 202+ 1 H¥2(N — aM)I2YM(N — )[2(N — ) + (M — 1)(N — 20) 12

where

H=[2(N —a)+ M —1)(N —20)]*c !
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+ (N —a)[M(2N — 8a + 2aM — 1) + 4]

Given that there are & low-quality managers withv; > 1 and N;, > 1 high-quality
managers,N > 3 and M > 2. It follows that H > 0 for all « € [0, 1]. Therefore,
B*(L— MA*B*) is increasing inx and so is Vagr"). O

Proof of Lemma3. If N} < Ny, itimplies thatF, (N}, N}, Nj5, @) = R.BUt Fi(N;, Nj,
N5, a) < Fp(N;, Njj, N5, «). As a consequencg (N, Nj;, Nj5,a) < R. SON}; > 0,
cannot be an equilibrium number of low-quality funds fréin entering the industry.

Since for any triplet(Ny,, Nj1, Ni2), F;(Np, Ni1, Nj2, @) < Fp(Ni, Nia, Ni2, o), the
equalitiesF;(N;;, N, N5, a) = R and F;,(N;f, N, N5, ) = R cannot hold simultane-
ously. Hence, there are two types of equilibria:

e Type 1.Fi(N;, Nj;, Nj5, @) = R and Fj,(N;", N, Nj5, o) > R.
In such a casey; = N, andN}; > 0.

o Type 2:Fi(N}, N, Niy, @) < R and Fy (N}, Njj, N}y, @) > R.
In such a casey; < N, andN;i=0. O

Proof of Lemma4. Assume thatV;1 is a continuous variable. Then,

0F —a[Np2IT(Ny + Npa, o) + TT (N + Niz, )]
-~ (Nh, Ni1, Ni2) = 5
INn 2(Njp + Niz+ Ni2)
N (Nn + Niz+ Ni2)[(1 — ) (Np + Ni1) + le]aaqu
2(Nj + Ni1 + Np2)? .
A sufficient condition for aaN—FI’l(Nh, N1, Nj2) to be negative is then tha%fN%(Nh +
Nj1, @) < 0. This is always true: as the number of competitors increase in a market, equi-
librium profit decrease.
Assume thaiV;, is a continuous variable. Then,

OFL N Niw. Nio)
3 N Niw Niz
a[IT(Np + Nj1, a) — NigIT(Nj + Nig2, @) — (Np + Ni2) (N + Njp + sz)%]

(Np + N1+ Np2)?

| need to show tha{,\%(Nh, N1, Ni2) > 0. A sufficient condition is that
NinI1(Np + Ni2, &) + (N + Ni2)(Np + Nia + sz)aaTr,Iz <0.
Let W =0,027/y/02t +1,Y = Ma(1— ) + Nj1, Z = Ma+ Njg — a, and
D =2(My+ Nj1 —a) + (M2 — 1)(M2 4+ Nj1 — 20).

ThenIT(Ma, a) = g% and

NinIT(Np + Ni2, o) + (N + Ni2) (N + Ni1 + sz)aaTr,[z
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= II(Nj + Nz, &) — Ny — QNN (DI (1 —a)Z 4 Y) — Y Z]
— 2M2Y Z(2M2 + N1 + 1 - 20)}].
So | need

(M + Ni){D[M2(1—a)Z+Y) - YZ]

—2MYZ(2M2 + Nj1 +1—20)} + 2YZDNjp < 0.
This last inequality can be rewritten as

YZ[D(M2 — Ni1) — 2M2(2M2 + Nig 4+ 1 — 20) (M2 + Npp) |

+ M2D[(1—a)Z +Y] <0, (A.6)

D(M3 — Ni1) — 2M2(2M2 + Nj1 + 1 — 2a) (M2 + Ni1)
< —BM3 — 6M35N;1 — MNA — 3M2(1 — 2a) — N7 <O,
YZ>M31—a)+ (2—a)MNy+ NA.
| deduce that the LHS of inequalifA.6) is smaller than

~5(1—a)M® + M~ (16— 110) Nj1 + (1 — o) (6t — 1)]
+ M3[~ (13— Ta)Nj + (1 — 120 — 6a®)Njy + (1 — ) (2 — 5a) |
+ M?[~(8— )N} + Nfi(-2+6) + Nna(2 — o?)]
+M[-@2—-a)(NJ +Nj) —al—a)Nz] — Njj <O.

So | have the desired resultt

Proof of Proposition 5. Proof of (i). Follows directly from the assumption thay, (N}, 0,
0,a) > R andLemma 4 If F;(N;,0,0, @) > R, thenN; > 0 while if F;(Nj,,0,0, ) <R,
thenN/ = 0.

Proof of (ii). Let G(Ny, N;, @) = Fi(Ny, N;, Nj, ) and assume tha; is a continuous
variable. ThenV;" is the solution ofG (Ny,, N;, @) = R.

3G oIl 2a(Nj, + Np) 20N, IT
(1o (A7)
oN; 0N Ny + 2N, (Np + 2N;)?
and
oIl XI1 N, N;)D
o _ Wi+ NOD (5 _ 47 + 2v)
oN;  DXY(N,+ Np) 2
—YZ[3—20(+2(Nh+N1)](Nh+Nl)i| (A.8)

with W :UZOUZ\/?/ UU2‘L'+1, Y=0Q-a)N, +(2—a)N;, Z= Ny, +2N; — a, and
D=2Z+4+ Ny +N —D)(Z - ).

Lim Wt NP (2 — ) Z +2Y) — Y Z[3 = 2 + 2(Nj, + N) (N + NI)
a—>
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= (Nj + 2ND{[2(Nk + 2N) + (N + N) (N, + Ni — D] (3Ny + Ni)
— (Ny 4+ 2N))(Np + N)[3+2(N, + N + D]}
= —(Np +2N) (3N +2N2 + ANEN, + BNy NP+ DN, N+ 3NF + 3N2) <.
Furthermore, Lim_0(dG/dN;) = dI1/dN;. Therefore, by a continuity argument, | derive

that there exist& > 0 such that ife < &, thendG/aN; < 0 so that there exists a unique
equal-market-size efficient equilibrium.

Proof of (iii).
dNy  9G/da
de ~ 9G/ON;’
3G a_n(l_ 2a(N +N1)> _onm
o oa Nj + 2N; Np+ 2N,

In equilibrium, It is always the case thé&t — 2a(N, + N;)/(Ny + 2N;)) > 0,12 and |
know from Proposition 2hat g is increasing inx which implies that I7/d« < 0. Hence,
3G /da < 0.

SincedG/dN; <0 anddG/da <0, | obtain dV; /da <0. O

Proof of Proposition 6. If N; is a continuous variable, theN; is the solution of
F(Ny, N;, Nj, @) = R. This is equivalent to

(1—w>n(ﬁh+N1,a)=Q+R.

Ny, + 2N,
Hence
_ 2Nj, + 2N () O+R
)= — i _
Np + 2N} () (1_ M)
Np+2N,
which can be rewritten as
_ 2 R
)= 22TR
Ny +2Nf* _
ZVh-Q—N[
(Ivh-l—ZNl* . Ol) _ "
NN __ NwdNy
do (N, + Np)2 da

If « <@, then dV;*/d < 0. This implies that ¢%*2% _ 2) /dy < 0. Hence T («) is

. . ) IV;,+N,
an increasing function af. O

Proof of Proposition 7. DenoteM(«), the number of funds trading in markieat time 1.

N 2[M*2(a) B2 (a) + 0 27]
V 1 1 — ov i i Z .
ar(vz | pz) MI.*Z(a),Biz(a)(avzr +1 —I—O’ZZT

13 Otherwise G(N,, Ny, &) < 0.
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Var(#! | pb) is a decreasing function d#f?(«) 82(er). Therefore, it is sufficient to show
that M («) B; («) is an increasing function af.

dM*()B(e) _ ,dM o dM 9B
do _ﬂda +M<3M do +3a>

B NM-DB

da  2(N —a)(N —aM)’

and
B (N=2aM)B
M~ 2M(N —aM)’

whereM stands forM *(«).
It follows that

amp NB d_M MM —1)
de ~ 2(N —aM)\ da N—-—o )
Using the proof oProposition 5dMg/da > 0 is equivalent to

9G/da  (Np+ N)(N, +N; — 1) N

— — 0
0G/oN; Np+2N; —«
Hence, given thai G/9N; < 0 on[0, @], | need to show that
_ G — — G
—(Nn + 2N, —a)£+(Nh+N,)(Nh+N, _l)ﬁ <O. (A.9)
i

Using Eqs(A.7) and (A.8) | obtain that

. — G — — oG
!;m)—(Nh + 2N, —Ol)a—a +(Nh +Nl)(Nh + N, — 1)3—1\71 <0.

So, by continuity, there exists < & such that Va(v; | p;) is decreasing iw on[0,@]. O

Appendix B. Risk-aversefund managers

Assume that fund manager(n =1, ..., N) is a risk-averse agent with negative expo-
nential utility function who aims at maximizing the expected utility from compensation,
i.e.,U(Cy) =—exp(—yCy).

Given his information, expected utility maximization is equivalent to maximizing

Un(Cp) = E(Cy [ In) — %Var(Cn | In) (B.1)

wherey > 0 is the coefficient of absolute risk aversion.
First, | derive results on the existence of an equilibrium and trading strategies.

Proposition B.1. (i) There exists a unique symmetric linear equilibrium.
(i) Trading aggressivenessisincreasingin «, i.e., 98*(a)/da > 0.
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Proof. Proof of (i). First, note that as ifProposition 1uninformed managers do not trade
asset since they expect negative profits from trading. Now, assume that the market maker
plays a linear strategy and all informed managegsi play a strategy (s) = Bs. Let

N —a (M — Da
X — Bs.
N N
Then, the expected utility of compensation managderives from buying a quantity
is:

X =

{EG|5) = A[(M = DBs +x]} X — %(1+ k) (Var( | s) + 1202 x2. (B.2)
We derive that the FOC of expected utility maximization is

2 2 _ _
x={<zv_a)0§;” +ﬂ[7/(1+k)(02:” +A203>(N DM — Do

20 +1 20 +1 N
M — 1)(N—2a)“s/
{211\1 )+ (1 k)(N_“)z( U2 2) (B.3)
[( —a)+y(d+ N ov2t+1+ o; ]} .

Hence, manager plays a linear strategy. It follows that in a symmetric linear RPE, in-
formed managers play a strategy) = Bs, where

B=(N— a)afr/{x(afr +1)[2(N —a) + (M — 1)(N — 2a)]

+ya+ a)g\zlv — M) [02 + (027 + 1)Azaz2]}. (B.4)

It is straightforward that Eq(A.1) still holds. Hence, an equilibrium is a solution of the
system of Eqs(A.1) and (B.4) Plugging(A.1) into (B.4) and rearranging, one obtains

T_ Mﬂ((rvzt+1)r N_Za(M—l)
B [M?B%(c2t +1)+027] N —«a
(N — Ma) 02M?B2021%(02t + 1)

N [M2B%(c2t +1) + 02112
The left-hand side ofB.5) is monotone decreasing fhand goes to infinity ag goes to
zero. Letf(B) denote the right-hand side as a functionfof £ (0) = y (1 + k) =12
Furthermore, one shows that for gll> 0, f'(8) > —t/B2. This implies tha(B.5) has a
unique solution. Hence, there exists a unique equilibrium.

Proof of (ii). The RHS of(B.5) is decreasing i while the LHS is independent of.
Therefores* is increasing inx. 0O

+yQ+k) (B.5)

Proposition B.1states that risk-aversion does not eliminate risk-taking incentives gen-
erated by relative performance objectives. The reason is that the increase in expected
compensation generated by higher trading aggressiveness outweights the larger volatil-
ity of compensation. Hence, relative performance objectives generate incentives to choose
very aggressive strategies even if fund managers are risk-averse.
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